A general synthetic route to dibenzoxanthenes has been developed using 1,4-diazaniumbicyclo[2.2.2]octane diacetate as a new bis ionic liquid under thermal and solvent free condition. This method provides several advantages such as a simple work-up, environmental friendliness and shorter reaction time along with high yields. All of the synthesized compounds were characterized by infrared spectroscopy, 1 H and 13 C spectroscopy and elemental analyses.
Introduction
Research on xanthenes, especially benzoxanthenes, has emerged in organic synthesis due to their wide range of biological and therapeutic properties like antiviral, 1 antiinflammatory, 1 and antibacterial activities, 1a,b as well as in photodynamic therapy 2 and as antagonists of the paralyzing action of zoxazolamine. 3 Xanthenes are also available from natural sources. Popularly known Santalin pigments have been isolated from a number of plant species. 4 Furthermore, due to their useful spectroscopic properties they are used as dyes, 5 in laser technologies, 6 and in fluorescent materials for visualization of biomolecules. 7 Many procedures have been disclosed on how to synthesize xanthenes and benzoxanthenes, such as cyclodehydrations, 8 trapping of benzynes by phenols, 9 alkylations of hetero atoms, 10 cyclocondensations between 2hydroxyaromatic aldehydes and 2-tetralone. 11 Benzaldehydes and acetophenones bearing tethered carbonyl chains underwent the intramolecular phenyl-carbonyl coupling reactions in the presence of samarium diiodide and hexamethylphosphoramide to afford xanthenes. 12 In addition, 14H-dibenzo[a,j]xanthenes and related products are prepared by the reaction of β-naphthol with formamide, 1 1-hydroxymethylnaphthalen-2-ol 13 and carbon monoxide. 14 Recently, xanthenes were also synthesized by the condensation of aldehydes, β-naphthol and dimedone. 15 Due to the environmental concerns, the use of benign solvents as alternatives to the volatile organic solvents is of high interest to organic chemists. The use of ionic liquids as reaction media and catalyst can offer a solution to the solvent emission and catalyst recycle problems. 16, 17 Ionic liquids possess the advantages, like negligible vapor pressure, reasonable thermal stability and recyclability. They dissolve many organic and inorganic substrates and are tunable to specific chemical tasks. 18 Recently, ionic liquids have been successfully employed as solvents with concomitant catalytic activity for a variety of reactions. 19 
Results and Discussion
As a part of our going interest for the development of efficient and environmentally friendly procedures for the synthesis of heterocyclic and pharmaceutical compounds, 20-23 an efficient, facile and solvent free procedure was introduced for the synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes (Scheme 1). For this purpose, the reaction of aromatic aldehydes and β-naphthols using a bis ionic liquid (1,4-diazaniumbicyclo[2.2.2]octane diacetate, DABCO-diacetate), was investigated for the first time. The procedure presented here not only gives the desired products in good yields, but also avoids the problems associated with the conventional solvents such as cost, Fekri handling, safety and pollution, and moreover the reaction times are reduced to a few minutes.
To emphasize the effect of the ionic liquid, the model reaction between 4-chlorobenzaldehyde and β-naphthol was described and different acid catalysts were tested for this reaction. All the reactions were run with catalytic amounts of the catalysts. As can be seen in Table 1 satisfactory results were obtained only with DABCO-diacetate (entry 9).
To investigate the efficiency and generality of the reaction, various benzaldehyes were treated with β-naphthol under the above-described reaction conditions in the presence of DABCO-diacetate. The results are summarized in Table 2 . Accordingly, we can see that all the reactions afforded the corresponding xanthenes 3a-p in high yields.
On the other hand, the synthesis of xanthenes from hydrazones required shorter reaction times and provided the products in higher yields than was the case when starting from aldehydes. It seems that the conversion of aldehydes to the corresponding hydrazone derivatives helps to facilitate the nucleophilic addition of β-naphthol in comparison with the starting aldehydes. Because the hydrazones are unstable under acidic ionic liquid media, it helps to treat them better with β-naphthol.
After reaction, the ionic liquid was easily separated from the reaction medium by washing with distilled water (IL is soluble in water). The washed ionic liquid was distilled under vacuum to recover it and reuse it as a solvent in the subsequent reactions. After three successive runs, recycled ionic liquid showed no loss of efficiency with regard to the reaction time and yield (Table 3 ). In the proposed mechanistic pathway, initially the aldehyde and β-naphthol are activated via dipolarization by DABCO-diacetate, followed by the nuclophilic attack of 2 equivalents of the β-naphthol to activate the aldehyde and finally via dehydration, the product 3 is produced. To investigate the efficiency of this method, the comparison between this method and some of those previous reported for the synthesis of 3b was carried out (Table 4 ). 
Experimental
Chemicals were purchased from Merck and Fluka. All solvents used were dried and distilled according to the standard procedures. Melting points were measured on an Electrothermal 9100 apparatus. IR spectra were determined on a Shimadzu FT-IR 8600 spectrophotometer. 1 H and 13 C NMR spectra were determined on a Bruker 400 DRX Avance instrument at 400 and 100 MHz, respectively. Elemental analyses were recorded on a Carlo-Erba EA1110CNNO-S analyzer. (20 mmol) was irradiated with microwaves (180 W) for 2 min at 100 °C three times. After completion of the reaction, the mixture was washed with diethyl ether (3 × 10 mL). The organic product was extracted from the liquid phase and evaporated under vacuum to produce the desired ionic liquid.
1. Preparation of 1,4-Diazaniumbicyclo
Analytical data for DABCO-diacetate: yellow oil. 1 H NMR (400 MHz, CDCl 3 ): δ 2.16 (s, 2H), 3.01 (s, 12H), 14.11 (s, 2H) ppm. 13 C NMR (100 MHz, CDCl 3 ): δ 21.9, 44.5, 175.8 ppm.
2. General Procedure for the Preparation of 3a-n
A mixture of the aldehyde (1 mmol), β-naphthol (2 mmol) and [DABCO]diacetate (0.5 mmol) was heated at 80 °C for the required reaction time according to the Table 1. After completion of the reaction, as indicated by TLC, the reaction product was extracted by CHCl 3 /H 2 O. After evaporation of the organic solvent, the crude product was obtained and recrystallized from EtOH and dried to afford the compounds 3a-p as powders.
The filtrate was concentrated under reduced pressure and washed with diethyl ether. Then, it was dried in a vacuum evaporator to recover the ionic liquid for the subsequent use. 
Analytical Data for the Synthesized Compounds

Conclusion
In conclusion, we have investigated the ionic liquid 1,4-diazaniumbicyclo[2.2.2]octane diacetate as a mild and efficient media for the synthesis of substituted 14-aryl-14H-dibenzo[a,j]xanthenes. The remarkable advantages offered by this method are: the catalyst is inexpensive, non-toxic, easy to handle and reusable, alowing simple work-up procedure, short reaction times, high yields of the products with better purity and offers green aspects by avoiding toxic catalysts and hazardous solvents. To the best of our knowledge this is the first report on synthesis of alkyl-or aryl-14H-dibenzo[a,j]xanthene derivatives using ionic liquid 1,4-diazaniumbicyclo[2.2.2]octane diacetate.
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